It has been suggested that the robotic surgery platform is an enabling technology that allows surgeons that are not trained in standard laparoscopy to perform minimally-invasive surgery. This raises the question of whether or not training in laparoscopy is necessary for current and future surgeons. The current status of laparoscopy in urology in the United States is reviewed along with a perspective regarding the potential future role of laparoscopic training as robotic surgery becomes increasingly applied to most major urologic procedures.
Background: Current status of laparoscopic urologic surgery in the United States Although laparoscopy has been applied in practice by multiple surgical specialties for nearly two decades, the penetration of urologic laparoscopy in the United States remains less than ideal. While laparoscopy for at least basic or common urologic procedures is available at academic medical centers and larger urban communities, a large number of urologists in the US are still unable to offer laparoscopy to their patients as reflected in national data.
The first laparoscopic nephrectomy was performed in 1991 [Clayman et al. 1991 ] not long after laparoscopic cholecystectomy had begun to gain penetration in the US [Bernard and Hartman, 1993] . Since then, laparoscopic nephrectomy has become a growing standard in the treatment of T1-T3a renal cell carcinoma (RCC) [Novick, 2004] . Nevertheless, as recently as 2004 more than 80% of nephrectomies in the US were not performed laparoscopically. Also, it is likely that the majority of urologists in the US still do not perform any laparoscopy, such that those procedures being performed laparoscopically are likely being regionalized to larger or academic centers [Miller et al. 2006 ]. This is in stark contrast to laparoscopic cholecystectomy, which reached more than 50% penetration within 5 years of its introduction [Escarce et al. 1995] .
A survey of US urologists in 2000 revealed that while 60% of 601 respondents had taken a laparoscopy training course, 67% did not perform any laparoscopy in their practices [Kim et al. 2000] . A similar survey of nearly 500 urologists in the Midwest in 2004, found that 49% of urologists performed no laparoscopy [Wang and Winfield, 2004] . Therefore, while advancements in laparoscopic urology have been great such that virtually all intra-abdominal urologic procedures are performed laparoscopically diffusion of even basic laparoscopic procedures among urologists has lagged behind.
Laparoscopy training: Room for improvement
It may be questioned why laparoscopy is not more widely practiced when formal laparoscopic training is now being offered in most residency training programs [Duchene et al. 2006 ]. One reason for this is that there still exists a large number of practitioners who completed residency training before laparoscopy was available or while it was still being applied on a purely limited basis [Abdelshehid et al. 2005 ]. Additionally, simply because a medical center applying advanced laparoscopic techniques may have a residency training program, this does not insure that all residents graduating from that program are receiving adequate laparoscopic training and will feel comfortable applying laparoscopic techniques in their practice [Shay et al. 2002 ].
This does not necessarily represent a deficiency on the part of the training programs, as changes in resident education, such as limited working hours and the sheer breadth of knowledge and surgical techniques within the field of urology, may strain the ability of a program to fully train a resident in every available procedure and technique. For those who may have only gained basic laparoscopic skills in residency and for those who graduated before any training was available, gaining expertise in laparoscopy after residency is a difficult task. Short of seeking further formal training in the form of a fellowship, many urologists seek laparoscopy training in the form of two-day or weekend courses. Several such courses are offered by university medical centers or the American Urological Association throughout the year. These educational programs are typically short in duration or offered on weekends so as not to be overly disruptive to the surgeon's practice, particularly for the solo practitioner who cannot afford long absences from the care of patients in his community.
Some have questioned whether a weekend course can have an impact on the growth of a surgeon's skills and the ability to apply laparoscopy in practice. Of course, a weekend of training is not sufficient alone for ideal and safe incorporation of laparoscopy into a surgeon's repertoire, but such courses represent a start and can lead to success with subsequent independent training and mentorship [See et al. 1993] . Regardless, the existence and extent of such courses reflect on the deficiency in current resident training and the large number of urologists in the country who are yet unable to perform laparoscopy.
The challenge of robotics
Since the first use of robotic manipulators in animal models of urologic procedures by Bowersox and Cornums [1998] , technology has quickly evolved. The da Vinci Õ surgical robot is currently the only commercially available robotic system in widespread use and was first introduced to North America at our institution in 1999. With more than 700 da Vinci Õ robotic systems in the US already, robotic prostatectomy has become the most common primary therapy for prostate cancer in the US (Personal Communication, Intuitive Surgical, Inc.).
One of the assertions by purveyors of robotic technology is that robotics represents 'enabling technology' whereby those without adequate training in laparoscopy would be able to perform complex minimally-invasive procedures. Given the rapid adoption of robotics in the US, in an environment where laparoscopy is not being applied as extensively as possible, it could be assumed that many of those adopting robotics have limited or no previous experience with standard laparoscopy. While robotics clearly has allowed prostatectomy to be performed more frequently in a minimallyinvasive fashion in the US and may do so for other urologic procedures, the implications of open surgeons applying robotic technology without training in laparoscopy has yet to be determined.
It is possible that the same phenomenon experienced with laparoscopic cholecystectomy may befall the early patients exposed to robotic surgery. The complication rate with laparoscopic cholecystectomy was of such a magnitude that the general surgical community reacted by developing guidelines for training and credentialing criteria to stem indiscretionary adoption of laparoscopy without adequate training [Escarce et al. 1997 ]. While individual hospitals with robotic technology have developed credentialing criteria by necessity, no such national or society guidelines exist for robotic surgery.
Is laparoscopic training beneficial in robotics?
There are aspects of robotic surgery that clearly benefit from laparoscopic skills, but there are several other, less obvious lessons that laparoscopy can offer robotic surgery. For one, laparoscopic skills are essential for access, not only for placement of ports but also when adhesions or other anatomic variations that can be addressed laparoscopically prevent the placement of the ports needed for robotic instruments. Robotic surgery cannot be performed unless ports can be placed for the robotic instruments. This means that patients with adhesions precluding port placement without laparoscopic adhesiolysis would be converted to an open operation in the hands of the laparoscopically naïve surgeon. Alternatively, patients with previous surgery might not even be offered robotic surgery by surgeons performing robotic but not laparoscopic surgery.
We reviewed 150 consecutive patients who underwent robotic prostatectomy at our institution and found that 37% had undergone previous abdominal surgery, yet none required conversion to open surgery (unpublished data). Adhesiolysis was performed even when only one instrument port could be placed thereby allowing enough clearing of adhesions to allow placement of the remaining ports. Even for those with previous midline exploratory laparotomy or multiple procedures like appendectomy or hernia repairs, the ability to perform laparoscopy allowed uniform success (Figure 1 ).
Another situation in which anatomic limitations might be better handled laparoscopically, in preparation for a robotic procedure, is when multi-quadrant abdominal access is needed. For example, reflection of the colon in preparation for some robotic renal procedures is performed by some surgeons laparoscopically before bringing the robot to the bedside for a pyeloplasty, nephrectomy, or partial nephrectomy. While we do not use this technique and have not found limitations in our ability to address this particular circumstance robotically, some feel more comfortable doing so until they have learned how to optimize port and robot positioning to be able to reach all areas needed with the robotic instruments. While with experience it might not be needed, having the ability to use laparoscopy in this situation could prevent the need to convert to an open procedure.
While the rate of mechanical failure of the da Vinci Õ robotic system is extremely low [Lavery et al. 2008] , the ability to convert to laparoscopy has obvious benefits to the patient as compared with conversion to open surgery if an unrecoverable failure were to happen. Although this is rare, it is not only the primary surgeon who benefits from laparoscopic training during robotic procedures. The assistants to the console surgeon working from the bedside rely upon laparoscopic skills for retraction, suction and introduction of sutures into the body. Particularly with robotic prostatectomy, the role of the assistant surgeon is of great importance [Sur et al. 2008] .
Less obvious lessons gained in laparoscopic training that benefit the robotic surgeon include elements such as instrument handling in the often narrow and potentially disorienting laparoscopic space and strategies for adjusting to the environment that are not a part of traditional open surgical training. This may explain the ease with which laparoscopic surgeons take up the application of robotics as compared with open surgeons [Ahlering et al. 2003 ].
We investigated whether laparoscopy training benefits in completion of basic robotic surgical tasks by having trainees who were naïve to both laparoscopy and robotics perform tasks robotically before and after a month-long course in laparoscopic training. We found that laparoscopic training improved robotic task performance after extensive laparoscopic training but with no further exposure to the robot whatsoever [Gomez et al. 2008] . This research validates the benefit of laparoscopy training even for robotic surgeons who will never perform a laparoscopic procedure or may never encounter one of the many situations explained above where laparoscopic skills can prevent conversion to open surgery.
The implications of robotics for future laparoscopy training Unfortunately, if surgeons flock to robotic surgery due to market pressures and patient demand without adequate training in robotics itself, the likelihood of convincing such surgeons of the benefits of, and need for, laparoscopy training before applying robotics is low. In the same way that open surgery for some conditions, such as ureterolithotomy, has become a lost art due to advances in endoscopic technology, open surgery and even laparoscopic surgery may become increasingly rare as robotics becomes more prevalent and technology continues to advance. For those current practitioners who feel that robotics is a 'short cut' to minimallyinvasive surgery, it is doubtful that they can be convinced to take the time to learn laparoscopy.
Regardless, the trend can be set by residency training programs where laparoscopy can remain an integral part of surgical education. At our institution, for example, we perform the majority of laparoscopic procedures with robot assistance, but our robotic training curriculum begins in the dry lab with basic laparoscopic skills training. Furthermore, just as training curricula evolved to meet the challenge of laparoscopy, the same evolution will need to occur in how both open and laparoscopic surgery are taught in the era of robotic surgery.
While training in open surgical procedures for every urologic condition is not an essential element of resident education and some procedures will only rarely be performed open by the surgeons of tomorrow, it is doubtful whether any would argue against training in open surgery as a modality altogether. Therefore, in similar fashion, while laparoscopy may be supplanted by robotics for certain conditions and procedures, training in laparoscopy as a modality will continue to have merit in educational curricula even if it is not to be performed by the trainee in the future. Even if the learner's laparoscopy training is only in the dry lab or only for a restricted set of operative procedures, the basic skills of laparoscopy, just as with open surgery, will benefit the urologic surgeon in all regards, including in robotic surgery. Whether or not the value is extracted and, furthermore, perceived by the learner will depend upon whether training evolves to meet the future landscape of operative urology.
